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liquid, and solid sucked from the draio pipe is installed in the suctioii pipe, and an intake pipe connected parallel with the suction 
pipe and rmiming the separated gas to the fluid storage tank is disposed b^een the gas separating means and the fluid storage tank. 
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ABSTRACT 



A system is provided which is capable of cleaning a drainage 
pipe in a short time for removal of scale without detaching 
the drainage pipe from movable equipment. The system 
comprises: a reservoir tank containing a cleaning liquid; a 
feed pipe connecting the reservoir tank and a downstream 
side of the drainage pipe of the movable equipment and 
including feed pump means for feeding the cleaniag liquid 
to the downstream side of the drainage pipe from the 
reservoir tank; a suction pipe connecting an upstream side of 
the drainage pipe and the reservoir tank; and vacuum puinp 
means for sucking gas from the reservoir tank; wherein the 
suction pipe is provided with gas separation means for 
separating gas from gas, liquid and solid sucked from the 
drainage pipe; wherein a gas suction pipe for feeding the 
separated gas back into the reservoir tank is connected 
parallel to the suction pipe between the gas separation means 
and the reservoir tank. 
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SYSTEM FOR CLEANING DRAINAGE PIPES IN 

MOVABLE EQUIPMENT 

TECHNICAL FIELD 

[0001] The present iDvention relates to a system for clean- 
iag a pipe provided in movable equipment such as a pas- 
senger plane and, more spedfiically, to a system for remov- 
ing scale deposited within drainage pipes of a sink and a 
toilet in a lavatory. 

BACKGROUND ART 

[0002] In movable equipments such as passenger planes, 
drainage pipes are installed for a sink and a toilet in a 
lavatory. During use of the drainage pipes, calciima com- 
pounds and organic compounds are deposited in the drain- 
age pipes (the deposit is hereinafter referred to as "scale"). 
Since the scale thus deposited may cause the reduction of the 
draining capacity, the clogging of the pipes and an offensive 
smell, the scale should periodically be removed. 

[0003] A conventional method for the removal of the scale 
is such that the drainage pipes are detached horn the 
movable equipment, transported to a site equipped with a 
special cleaning apparatus for cleaning the drainage pipes, 
transported back to the movable equipment after completion 
of the cleaning, and attached to the movable equipment. 

[0004] The movable equipment has a complicated inner 
structure, and the drainage pipes are bent in various direc- 
tions. Therefore, the drainage pipe detaching and attaching 
operations are very difficult, requiring enormouis amounts of 
time, efforts and costs. For this reason, a drainage pipe 
cleaning operation is performed only in a regular mainte- 
nance operation. Since the scale.is gradually deposited in the 
drainage pipes, reduction in draining capacity and sudden 
clogging of the drainage pipes may occur before the next 
regular maintenance operation. 

[0005] Accordingly, there is a great demand for develop- 
ment of a system for cleaning a drainage pipe in a short time 
without detaching the drainage pipe. 

[0006] It is an object of the present invention to provide a 
system for cleaning a drainage pipe in a short time for 
removal of scale without detaching the drainage pipe from 
movable equipment. 

DISCLOSURE OF THE INVENTION 

[0007] To solve the aforesaid problem, a system for clean- 
ing a drainage pipe in a movable eqiiipment in accordance 
with the present invention comprises: a reservoir tank con- 
taining a cleaning liquid; a feed pipe connecting the reser- 
voir tank and a downstream side of the drainage pipe of the 
movable equipment and including feed pump means for 
feeding the cleaning liquid to the downstream side of the 
drainage pipe from the reservoir tank; a suction pipe con- 
necting an upstream side of the drainage pipe and the 
reservoir tank; and vacuum pump means for sucking gas 
from the reservoir tank; wherein the suction p^e is provided 
with gas separation means for separating gas from gas, 
liquid and solid sucked from the drainage pipe; wherein a 
gas suction pipe for feeding the separated gas back into the 
reservoir tank is connected parallel to the suction pipe 
between the gas separation means and the reservoir tank. 



[0008] In the system for cleaning the drainage pipe in the 
movable equipment, the feed pump means and the vacuum 
pump means are actuated to maintain the inside of the 
drainage pipe at a negative pressure, to feed the cleaning 
liquid into the drainage pipe from the reservoir tank through 
the feed pipe, and to cause the cleaning liquid to flow toward 
the upstream side of the drainage pipe, whereby scale 
deposited in the drainage pipe is removed and the removed 
scale is sucked together with the cleaning liquid through the 
suction pipe. After only the gas is separated from the gas, the 
liquid and the solid sucked into the suction pipe by the gas 
separation means, the liquid and the soHd are fed back into 
the reservoir tank through the suction pipe, and the gas is fed 
back into the reservoir tank through the gas suction pipe. 

[0009] Since the inside of the drainage pipe is maintained 

at a negative pressure, the cleaning liquid and the like do not 
leak out of the drainage pipe. Further, the cleaning liquid is 
caused to flow in a direction opposite to a normal water 
draining direction in the drainage pipe, i,e., from the down- 
stream side to the upstream side of the drainage pipe. Thus, 
energy is applied to the scale in a direction opposite to a 
scale growing direction so as to promote the removal of the 
scale. Therefore, scale removing and cleaning effects can be 
enhanced. 

[0010] Since the gas is separated from the liquid and the 
solid in the suction pipe by the gas separation means, the gas 
does not flow back in the form of bubbles nor hinder the flow 
of the liquid and the solid in the suction pipe. 

[0011] The system for cleaning the drainage pipe in the 
movable equipment in accordance with the present invention 
may further comprise a feed-back pipe diverged from the 
feed pipe on a downstream side of the feed pimip means and 
connected to the reservoir tank, wherein the feed-back pipe 
is provided with a feed-back valve device for maintaining a 
pressure of the cleaning liquid fed into the drainage pipe 
through the feed pipe at a substantially constant level and, 
when the pressure of the cleaning liquid exceeds a prede- 
termined level, feeding a part or all of the cleaning liquid 
back into the reservoir tank. 

[0012] According to the system for cleaning the drainage 
pipe in the movable equipment, the feed-back valve device 
is opened to feed the part or all of the cleaning liquid back 
iato the reservoir tank from the feed-back pipe when the 
pressure of the cleaning liquid fed into the drainage pipe 
from the feed pipe exceeds the predetermined level. There- 
fore, the cleaning liquid does not flow into the drainage pipe 
at a pressure greater than the predetermined level. 

[0013] The system for cleaning the drainage pq>e in the 
movable equipment in accordance with the present invention 
preferably fiirther comprises outside air introduction valve 
means provided in the gas suction pipe for introducing 
outside air to a downstream side of the gas separation means, 
and gas introduction preventing valve means provided on a 
downstream side of the outside air introduction valve means 
for closing the gas suction pipe for prevention of introduc- 
tion of the gas into the reservoir tank, wherein the outside air 
introduction valve means is closed and the introduction 
preventing valve means is opened diiring a normal operation 
and, when an inner pressure of the drainage pipe exceeds a 
predetermined level, the outside air introduction valve 
means is opened and the introduction preventing valve 
means is closed for adjustment of the inner pressure of the 
drainage pipe. 
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[0014] According to the system for cleaning the drainage 
pipe in the movable equipment, the outside air introduction 
valve means is opened and the introduction preventing valve 
means is closed when the inner pressure of the drainage pipe 
exceeds the predetermined level due to bad flow of the 
cleaning liquid in the drainage pipe or clogging of the 
drainage pipe. Thus, the outside air sucked through the 
outside air introduction valve means is introduced into the 
drainage pipe without flowing into the reservoir tank from 
the gas suction pipe. Therefore, the inner pressure of the 
drainage pipe is maintained at the atmospheric pressure, so 
that the cleaning liquid and the like do not scatter out of the 
drainage pipe. 

[0015] In the system for cleaning the drainage pipe in the 
movable equipment in accordance with the present inven- 
tion, solid separation means for separating the solid is 
preferably connected parallel to the suction pipe between the 
gas separation means and the reservoir tank. 

[0016] Since the system for cleaning the drainage pipe in 
the movable equipment includes the solid separation means, 
the solid component is separated £rom the cleaning liquid as 
required during the cleaning and only the liquid component 
is fed back into the reservoir tank. 

[0017] In the system for cleaning the drainage pipe in the 
movable equipment in accordance with the present inven- 
tion, the cleaning liquid preferably contains solid chips. 

[0018] When the solid chips contained in the cleaning 
liquid bump against organic compounds and the like in the 
scale, the oiganic compounds and anaerobic bacteria in the 
drainage pipe can be removed. 

[0019] In the system for cleaning the drainage pipe in the 
movable equipment in accordance with the present inven- 
tion, the cleaning liquid preferably contains at least one 
oxycarboxyHc acid and at least one sulfamic acid. 

[0020] The cleaning liquid containing the at least one 
oxycarboxyHc acid and the at least one sulf ami c acid is 
particularly advantageous for dissolving calcium com- 
pounds in the scale for removal thereof. 

[0021] A vehicle according to the present invention is 
moimted with the aforesaid system for cleaning the drainage 
pipe in the movable equipment. 

[0022] Since the system for cleaning the drainage pipe in 
the movable equipment is mounted on the vehicle, the 
vehicle is moved to a site where the movable equipment is 
parked for cleaning the drainage pipe. This obviates the need 
for moving the movable equipment to a predeteimined site 
for cleaning the drainage pipe of the movable equipment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 is an explanatory diagram illustrating the 
construction of a cleaning system according to the present 
invention; and 

[0024] FIG. 2 is a sectional view of gas separation means. 

BEST MODE FOR CARRYING OUT THE 

INVENTION 

[0025] Examples of the movable equipment in which the 
drainage pipe to be cleaned is installed include passenger 
planes, rail-road coaches, buses and ships. 



[0026] As shown in FIG. 1, a drainage pipe 91 is installed 
in movable equipment 90. The drainage pipe 91 includes a 
plurality of drainage pipes each having an upstream end 
connected to a sink or a toilet in a lavatory, and a down- 
stream end connected to a conunon sewage tank 92. 

[0027] FIG. 1 illustrates the overall construction of a 
cleaning system 10. As shown, the cleaning system 10 is 
constructed so that a reservoir tank 20 containing a cleaning 
Kquid JL is connected to the drainage pipe 91 of the movable 
equipment 90 by a feed pipe 30 and a suction pipe 50. 

[0028] The reservoir tank 20 may be mounted on a vehicle 
80 such as a truck. The feed pipe 30 for feeding the cleaning 
Kquid L into the drainage pipe 91 of the movable equipment 
90 is connected to the reservoir tank 20 at a position lower 
than the surface level of the cleaning liquid L. A feed-back 
pipe 40 to be described later, the suction pipe 50, and a gas 
suction pipe 60 are coimected to the reservoir tank 20 at 
positions upper than the surface level of the cleaning liquid 
L. Further, the reservoir tank 20 is provided with a ther- 
mometer 21 and a pressure gauge 22 for measuring the inner 
temperature and pressure of the reservoir tank with the 
intervention of valves 2 la and 22a, respectively. The res- 
ervoir tank 20 is further connected to an air transformer 23 
for supplying outside air into the reservoir tank when a toxic 
gas or a combustible gas is generated by the cleaning. The 
reservoir tank 20 is further connected to a blower 24 for 
agitating the cleaning liquid L in the reservoir tank 20 and 
to a blow down pipe 25 for draining the cleaning agent L 
firom the dissolution tank via valves 24a and 25a, respec- 
tively. 

[0029] The cleaning liquid L to be contained in the res- 
ervoir tank 20 may properly be selected depending on the 
components and amount of the scale deposited in the drain- 
age pipe 91 of the movable equipment 90 and the configu- 
ration of the drainage pipe 91. In the case of a passenger 
plane, for example, the scale deposited in the drainage pipe 
is mainly composed of calcium compounds, organic com- 
pounds and anaerobic bacteria. For removal of the calcium 
compounds in the scale, a cleaning liquid containing at least 
one oxycarboxyHc acid and at least one sulfamic acid is 
preferably employed. The organic compounds and the 
anaerobic bacteria are often deposited in a slime form on the 
calcium compounds. Therefore, solid chips are mixed in the 
cleaning liquid L for scraping away the deposited organic 
compounds and the like. Examples of the solid chips mixed 
in the cleaning liquid include rice husks and silicone gran- 
\iles. 

[0030] The feed pipe 30 for feeding the cleaning liquid L 
into the drainage pipe 91 is connected to a downstream side 
of the drainage pipe 91 of the movable equipment 90. The. 
feed pipe 30 may be connected to the sewage tank 92 of the 
movable equipment 90 as shown in the figure. 

[0031] The feed pipe 30 is branched into two branch feed 
pipes 31, 31 downstream of a valve 30a, and the branch feed 
pipes 31, 31 are respectively provided with feed pump 
means 32, 32 with the intervention of valves 31fl, 31a. Flow 
meters 33, 33 are provided downstream of the feed pump 
means 32, 32 for monitoring the flow rates of the cleaning 
liquid L fed into the drainage pipe 91 &om the feed pump 
means 32, 32. Since the feed pipe 30 is branched and the two 
feed pump means 32, 32 are provided, the pump head 
capacity of each of the feed piunp means can be reduced and 
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the supply amount can be stabilized. Even if one of the pump 
means is broken, the cleaning liquid Lean be fed by driving 
the other pump means. 

[0032] The feed-back pipe 40 is connected to the branch 
feed pipes 31, 31 downstream of the flow meters 33, 33. The 
feed-back pipe 40 will be described later. 

[0033] Tbe branch feed pipes 32, 32 join together down- 
stream of a branch point at which the feed-back pipe 40 is 
diveiged there£rom. An end of the joined feed pipe 30 is 
connected to the drainage pipe 91 of the movable equipment 
90 via a pressure indicator 34. 

[0034] The feed-back pipe 40 is a pipe for feeding a part 
or all of the cleaning liquid L back into the reservoir tank 20 
from the branch feed pipes 31, 31. The feed-back pipe 40 is 
branched into two branches and joined together. A pressure 
gauge 41 is provided upstream of a branch point, and 
feed-back valve means 42 is provided in the branches. A 
flow meter 43 is provided downstream of a junction of the 
branches. 

[0035] The feed-back valve means 42 includes a solution 
pressure adjustment feed-back valve 44 provided in one of 
the branches and an emergency feed-back valve 45 provided 
in the other branch. The solution pressxue adjustment feed- 
back valve 44 feeds apart of the cleaning liquid L flowing 
through the branch feed pipes 31, 31 into the reservoir tank 
20 according to measurements taken by the pressure gauge 
41 and the flow meters 33, 33 provided in the feed pipe 30, 
thereby serving to maintain the pressure and flow rate of the 
cleaning liquid L fed into the drainage pipe 91 from the feed 
pipe 30 at coostaat levels. The emergency feed-back valve 
45 is opened to prevent the cleaning liquid L from flowing 
into the drainage pipe 91 from the feed pipe 30 when any of 
the pressure gauges provided in the cleaning system 10 
indicates a pressure higher than a predetermined level. 

[0036] One end of the suction pipe 50 is connected to an 
upstream side of the drainage pipe 91 of the movable 
equipment 90, i.e., to the side of the sink and the toflet, and 
the other end of the suction pipe 50 is connected to the 
reservoir tank 20. 

[0037] The cleaning liquid L discharged from the drainage 
pipe 91, the scale and a gas component in the drainage pipe 
and the like are sucked as fluid effluent through the suction 
pipe 50. 

[0038] Gas separation means 51 is provided in the suction 
pipe 50, whereby the gas component is separated from the " 
efiQuent and fed back into the reservoir tatic 20 through the 
gas suction pipe 60, and the liquid and solid components are 
fed back into the reservoir tank 20 through the suction pipe 
50. The gas separation means 51 is provided with a mea- 
surement instrument 52 for detecting, adjusting and record- 
ing a pressure. 

[0039] For example, a device which includes a cylindrical 
vessel 53 having a smaller-diameter lower end and a baffle 
plate 54 provided diagonally downward in a generally 
central portion of the vessel 53 as shown in FIG. 2 may be 
employed as the gas separation means 51. In this device, the 
effluent sudced from the drainage pq)e 91 of the movable 
equipment 90 is thrown against the baffle plate 54, whereby 
the gas component flows upward and the liquid and solid 
components flow downward by gravity for separation of the 



gas component from the liquid and solid components. The 
separated gas component is fed back into the reservoir tank 
20 through the gas suction pipe 60 connected to an upper 
portion of the vessel 53. The liquid and soHd components are 
fed back into the reservoir tank 20 through the suction pipe 
50 connected to a lower end of the cylindrical vessel 53. 

[0040] Outside air introduction valve means 61 and gas 
introduction preventing valve means 62 are provided in this 
order downstream of the gas separation means 51 in the gas 
suction pipe 60. These valve means 61, 62 introduce the 
outside air into the drainage pipe 91 to restore the inner 
pressure of the drainage pipe 91 to the atmospheric pressure 
when the inner pressure of the drainage pipe 91 exceeds a 
predetermined level, whereby the inner pressure of the 
drainage pipe 91 is prevented from increasing to a high 
level. The outside air introduction valve means 61 is a valve 
for introducing the outside air into the drainage pipe 91 
through the suction pipe 50 from the gas suction pipe 60. 
This valve is closed during a normal operation, and is 
opened when the pressure in the drainage pipe 91 exceeds 
the predetermined level. On the other hand, the gas intro- 
duction preventing valve 62 closes the gas suction pipe 60 
so as to allow the outside air introduced from the outside air 
introduction valve means 61 to flow into the drainage pipe 
91 without flowing into the reservoir tank 20 from the gas 
suction pipe 60 when the outside air introduction valve 
means 61 is opened, and is opened during the normal 
operation. 

[0041] In the suction pipe 50, a valve 50a is provided 
downstream of the gas separation means 51, and solid 
separation means 55 is provided parallel to the valve SOa. 

[0042] The solid separation means 55 separates the solid 
component from the liquid and solid components separated 
by the gas separation means 51, and only the liquid com- 
ponent is fed back into the suction pipe 50. Valves 55a, 55a 
are respectively provided on upstream and downstream sides 
of the solid separation means 55. A filter, for example, may 
be employed as the solid separation means 55. 

[0043] When the valves 55a, 55a are opened and the valve 
50a is closed, the fluid flowing through the suction pipe 50 
flows into the solid separation means 55 and, after the solid 
component is separated, only the liquid component flows 
into the reservoir tank 20. When the valves 55a, 55a are 
closed and the valve 50a is opened, the fluid flowing through 
the suction pipe 50 is introduced into the reservoir tank 20 
without flowing through the solid separation means 55. 

[0044] Vacuum pump means 26 is connected to the res- 
ervoir tank 20 via a valve 26a. The vacuum pump means 26 
sucks gas from the reservoir tank 20 to maintain the inside 
of the reservoir tank 20 at a negative pressure. 

[0045] A deodorization tower 27 for deodorizing the 
sucked gas is connected to a downstream side of the vacuum 
pump means 26. A pump 28 for circulating a deodorant is 
connected to the deodorization tower 27 via a valve 28a, The 
gas sucked from the vacuum pump means 26 passes through 
the deodorization tower 27 thereby to be deodorized, and 
emitted to the outside. 

[0046] The pump means, the valves and the like described 
above are electrically connected to each other for actuation 
thereof or opening and closing thereof on the basis of 
measurements taken by the thermometers, the pressure 
gauges and the flow meters. 
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[0047] The cleaning system 10 is mounted on a deck of a 
vehicle such as a truck, and transported to a site where the 
movable equipment having the drainage pipe to be cleaned 
is parked for cleaning the drainage pipe. 

[0048] An explanation will be given to how to clean the 
drainage pipe 91 of the movable equipment 90 by utilizing 
the vehicle 80 mounted with the cleaning system 10 having 
the aforesaid construction. 

[0049] A cleaning hquid L containing L-malic acid and 
citric acid as the oxycarboxylic acid and amidosulfonic acid 
as the sulfamic acid and containing rice husks as the solid 
chips is filled into the reservoir taii 20, and the blower 24 
is actuated to agitate the cleaning liquid L. 

[0050] The vehicle mounted with the cleamng system 10 
is moved to the vicinity of the movable equipment 90. After 
sewage accumulated in the drainage pipe 91 and the sewage 
tank 92 of the movable equipment is discharged, an end of 
the feed pipe 30 is connected to the drainage pipe 91 (or the 
sewage tajak 92), and an end of the suction pipe 50 is 
connected to the upstream end of the drainage pipe 91. 

[0051] After completion of the pipe connection, the feed 
pump means 32, the vacuum pump means 26 and the air 
transformer 23 are actuated. 

[0052] By the actuation of the feed pump means 32 and the 
vacuimi pump means 26, the cleaning liquid Lis fed into the 
drainage pipe 91 firom iJie feed pipe 30. 

[0053] At this time, the pressure adjustment feed-back 
valve 44 of the feed-back valve means 42 adjusts a ratio of 
valve opening according to measurements taken by the flow 
meters 43, 43 and the pressure gauge 41. 

[0054] The drainage pipe 91 is filled with the cleaning 
liquid L by suction to a negative pressure by the vacuum 
pump means 26. Thus, deposited organic compounds and 
anaerobic bacteria are gradually scraped away by the solid 
chips in the cleaning hquid L. Further, calcium compounds 
are gradually dissolved by the oxycarboxylic acid and the 
sulfamic acid in the cleaning liquid L. 

[0055] The cleaning liquid L flows into the suction pipe 50 
from the drainage pipe 91. At this time, gas in the drainage 
pipe 91 is discharged together with the cleaning hquid Lin to 
the suction pipe 50. When the cleaning liquid L is sucked 
together with the gas from the suction pipe 50, the gas is 
hable to flow back in the form of bubbles through the suction 
pipe 50, resulting in bad flow. Therefore, the gas component 
is separate by the gas separation means 51, and fed back into 
the reservoir tank 20 through the gas suction pipe 60. The 
cleaning liquid L from which the gas is separated is fed back 
into the reservoir tank 20 through the suction pipe 50. 

[0056] In. the case of the passenger plane, the cleaning 
liquid L flows axoimd the cleaning system 10 in about two 
to three minutes. Since the organic compounds and the 
anaerobic bacteria in the scale are mosdy removed by 
continuing the cleaning for about 20 minutes, the solid chips 
are thereafter unnecessary. Therefore, the valves 55a, 55a 
are opened and the valve 50a is closed to remove the solid 
component irom. the cleaning liquid Lby the solid separation 
means 55. Thus, only the hquid component is fed back into 
the reservoir tank 20. 

[0057] Thereafter, the cleaning is continued for about one 
hour, whereby the calcium compounds in the drainage pipe 



91 are completely removed. After the scale in the drainage 
pipe 91 is completely removed, the feed pump means 32 and 
the vacuum pump means 26 are stopped, and the cleaning 
liquid L remaining in the drainage pipe 91 and the sewage 
tank 92 are removed. Thus, the cleaning operation is com- 
pleted. 

[0058] When measurements taken by the pressure gauges 
22, 34, 41, 52, the flow meters 33, 43 and the thennometer 
21 are out of the predetermined levels during the cleaning, 
an abnormality occurs in the cleaning system 10 or the 
drainage pipe 91. In such a case, the inner pressure of the 
drainage pipe 91 increases to a high level, resulting in 
leakage of the cleaning hquid L from the drainage pipe 91. 
Therefore, the emergency feed-back valve 45 of the feed- 
back pipe 40 is opened, whereby the cleaning Hquid L in the 
feed pipe 30 is fed back into the reservoir tank 20 through 
the feed-back pipe 40. Thus, the cleaning liquid L is pre- 
vented firom flowing into the drainage pipe 91 to prevent the 
inner pressure of the drainage pijpe 91 from increasing to a 
high level. 

[0059] Further, the outside air introduction valve means 61 
of the gas suction pipe 60 is opened and the gas introduction 
preventing valve 62 is closed to introduce the outside air into 
the drainage pipe 91 from the outside air introduction valve 
means 61 through the gas discharge pipe 60. Thus, the inner 
pressure of the gas discharge pipe 91 is not increased higher 
than Ihe aimospheric pressure. 

[0060] Industrial Applicability 

[0061] The system for cleaning the drainage pipe in the 
movable equipment in accordance with the present invention 
is useful as a system which is capable of cleaning the 
drainage pipe in a short time for removal of the scale without 
detaching the drainage pipe from the movable equipment. 

What is claimed is: 

1. A system for cleamng a drainage pipe provided in 
movable equipment comprising: 

a reservoir tank containing a cleaning liquid; 

a feed pipe connecting the reservoir tank and a down- 
stream side of the drainage pipe of the movable equip- 
ment and including feed pump means for feeding the 
cleaning liquid to the downstream side of the drainage 
pipe from the reservoir tank; 

a suction pipe connecting an upstream side of the drainage 
pipe and the reservoir tank; and 

vacuum pump means for sucking gas firom the reservoir 
tank; 

wherein the suction pipe is provided with gas separation 
means for separating gas from gas, liquid and solid 
sucked firom the drainage pipe; 

wherein a gas suction pipe for feeding the separated gas 
back into the reservoir tank is connected parallel to the 
suction pipe between the gas separation means and the 
reservoir tank; 

wherein the feed pump means and the vacuum pump 
means are actuated to maintain the inside of the drain- 
age pipe at a negative pressure, to feed the cleaning 
liquid into the drainage pipe from the reservoir tank 
through the feed pipe, and to cause the cleaning hquid 
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to flow toward the upstream side of the drainage pipe, 
whereby scale dq>osited in the drainage pipe is 
removed and the removed scale is sucked together with 
the cleaning liquid through the suction pipe and, after 
only the gas is separated from the gas, the liquid and the 
solid by the gas separation means, the liquid and the 
solid are fed back into the reservoir tank through the 
suction pipe, and the gas is fed back into the reservoir 
tank through the gas suction pipe. 

2. The system for cleaning the drainage pipe in the 
movable equipment according to claim 1, further compris- 
ing: 

a feed-back pipe diverged firom the feed pipe on a 
downstream side of the feed pump means and con- 
nected to the reservoir tank; 

wherein the feed-back pipe is provided with a feed-back 
valve device for maintaining a pressure of the cleaning 
liquid fed into the drainage p^e through the feed pipe 
at a substantially constant level and, when the pressure 
of the cleaning Hquid exceeds a predetermined level, 
feeding a part or all of the cleaning liquid back into the 
reservoir tank. 

3. The system for cleaning the drainage pipe in the 
movable equipment according to claim 1 or 2, further 
comprising: 

outside air introduction valve means provided in the gas 
suction pipe for introducing outside air to a down- 
stream side of the gas separation means; and 



gas introduction preventing valve means provided on a 
downstream side of the outside air introductioD valve 
means for closing the gas suction pipe for prevention of 
introduction of the gas into the reservoir tank; 

wherein the outside air introduction valve means is closed 
and the introduction preventing valve means is opened 
during a normal operation and, when an iimer pressure 
of the drainage pipe exceeds a predetermined level, the 
outside air introduction valve means is opened and the 
introduction preventing valve means is closed for 
adjustment of the inner pressure of the drainage pipe. 

4. The system for cleaning the drainage pipe in the 
movable equipment according to any of claims 1 to 3, 
wherein solid separation means for separating the solid is 
connected parallel to the suction pipe between the gas 
separation means and the reservoir tank. 

5. The system for cleaning the drainage pipe in the 
movable equipment according to any of claims 1 to 4, 
wherein the cleaning liquid contains solid chips. 

6. The system for cleaning the drainage pipe in the 
movable equipment according to any of claims 1 to 5, 
wherein the cleaning Hquid contains at least one oxycar- 
boxylic acid and at least one sulfamic acid. 

7. A vehicle mounted with the system for cleaning the 
drainage pipe in the movable equipment according to any of 
claims 1 to 6. 
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(57) A system is provided whicii is capable of clean- 
ing a drainage pipe in a short time for removal of scale 
without detaching the drainage pipe from movable 
equipment. The system comprises: a reservoir tank con- 
taining a cleaning liquid; afeed pipe connecting the res- 
ervoir tank and a downstream side of the drainage pipe 
of the movable equipment and including feed pump 
means for feeding the cleaning liquid to the downstream 
side of the drainage pipe from the reservoir tank; a suc- 



tion pipe connecting an upstream side of the drainage 
pipe and the reservoir tank; and vacuum pump means 
for sucking gas from the reservoir tank; wherein the suc- 
tion pipe is provided with gas separation means for sep- 
arating gas from gas, liquid and solid sucked from the 
drainage pipe; wherein a gas suction pipe for feeding 
the separated gas back into the reservoir tank is con- 
nected parallel to the suction pipe between the gas sep- 
aration means and the reservoir tank. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a system for 
cleaning a pipe provided in movable equipment such as 
a passenger plane and, more specifically, to a system 
for removing scale deposited within drainage pipes of a 
sink and a toilet in a lavatory. 

BACKGROUND ART 

[0002] In movable equipments such as passenger 
planes, drainage pipes are installed forasinkand atoilet 
in a lavatory. During use of the drainage pipes, calcium 
compounds and organic compounds are deposited in 
the drainage pipes (the deposit is hereinafter referred to 
as "scale"). Since the scale thus deposited may cause 
the reduction of the draining capacity, the clogging of 
the pipes and an offensive smell, the scale should peri- 
odically be removed. 

[0003] A conventional method for the removal of the 
scale is such that the drainage pipes are detached from 
the movable equipment, transported to a site equipped 
with a special cleaning apparatus for cleaning the drain- 
age pipes, transported back to the movable equipment 
after completion of the cleaning, and attached to the 
movable equipment. 

[0004] The.movable equipment has a complicated in- 
ner structure, and the drainage pipes are bent in various 
directions. Therefore, the drainage pipe detaching and 
attaching operations are very difficult, requiring enor- 
mous amounts of time, efforts and costs. For this rea- 
son, a drainage pipe cleaning operation is perfonned 
only in a regular maintenance operation. Since the scale 
is gradually deposited in the drainage pipes, reduction 
in draining capacity and sudden clogging of the drainage 
pipes may occur before the next regular maintenance 
operation. 

[0005] Accordingly, there is a great demand for devel- 
opment of a system for cleaning a drainage pipe in a 
short time without detaching the drainage pipe. 
[0006] It is an object of the present invention to pro- 
vide a system for cleaning a drainage pipe in a short 
time for removal of scale without detaching the drainage 
pipe from movable equipment. 

DISCLOSURE OF THE INVENTION 

[0007] To solve the aforesaid problem, a system for 
cleaning a drainage pipe in a movable equipment in ac- 
cordance with the present invention comprises: a reser- 
voir tank containing a cleaning liquid; a feed pipe con- 
necting the reservoir tank and a downstream side of the 
drainage pipe of the movable equipment and including 

feed pump means for feeding the cleaning liquid to the 
downstream side of the drainage pipe from the reservoir 
tank; a suction pipe connecting an upstream side of the 



drainage pipe and the reservoir tank; and vacuum pump 
means for sucking gas from the reservoir tank; wherein 
the suction pipe is provided with gas separation means 
for separating gas from gas, liquid and solid sucked from 

s the drainage pipe; wherein a gas suction pipe forfeeding 
the separated gas back into the reservoir tank is con- 
nected parallel to the suction pipe between the gas sep- 
aration means and the reservoir tank. 
[0008] In the system for cleaning the drainage pipe in 

10 the movable equipment, the feed pump means and the 
vacuum pump means are actuated to maintain the in- 
side of the drainage pipe at a negative pressure, to feed 
the cleaning liquid into the drainage pipe from the res- 
ervoir tank through the feed pipe, and to cause the 

15 cleaning liquid to flow toward the upstream side of the 
drainage pipe, whereby scale deposited in the drainage 
pipe is removed and the removed scale is sucked to- 
gether with the cleaning liquid through the suction pipe. 
After only the gas is separated from the gas, the liquid 
^0 and the solid sucked Into the suction pipe by the gas 
separation means, the liquid and the solid are fed back 
into the reservoir tank through the suction pipe, and the 
gas is fed back into the reservoir tank through the gas 
suction pipe. 

25 [0009] Since the inside of the drainage pipe is main- 
tained at a negative pressure, the cleaning liquid and 
the like do not leak out of the drainage pipe. Further, the 
cleaning liquid is caused to flow in a direction opposite 
to a nomnai water draining direction in the drainage pipe, 

so I.e., from the downstream side to the upstream side of 
the drainage pipe. Thus, energy is applied to the scale 
in a direction opposite to a scale growing direction so as 
to promote the removal of the scale. Therefore, scale 
removing and cleaning effects can be enhanced. 

35 [0010] Since the gas is separated from the liquid and 
the solid in the suction pipe by the gas separation 
means, the gas does not flow back in the form of bubbles 
nor hinder the flow of the liquid and the solid in the suc- 
tion pipe. 

40 [0011] The system for cleaning the drainage pipe in 
the movable equipment in accordance with the present 
Invention may fiirther comprise a feed-back pipe di- 
verged from the feed pipe on a downstream side of the 
feed pump means and connected to the reservoir tank, 

45 wherein the feed-back pipe is provided with a feed-back 
valve device for maintaining a pressure of the cleaning 
liquid fed into the drainage pipe through the feed pipe 
at a sulDStantially constant level and, when the pressure 
of the cleaning liquid exceeds a predetennined level, 

so feeding a part or all of the cleaning liquid back into the 
reservoir tank. 

[001 2] According to the system for cleaning the drain- 
age pipe in the movable equipment, the feed-back valve 
device is opened to feed the part or all of the cleaning 
liquid back into the reservoir tank from the feed-back 

pipe when the pressure of the cleaning liquid fed into 

the drainage pipe from the feed pipe exceeds the pre- 
determined level. Therefore, the cleaning liquid does not 
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flow into the drainage pipe at a pressure greater than 
the predetennined level. 

[0013] The system for cleaning the drainage pipe in 
the movable equipment in accordance with the present 
invention preferably further comprises outside air intro- s 
duction valve means provided in the gas suction pipe 
for introducing outside air to a downstream side of the 
gas separation means, and gas Introduction preventing 
valve means provided on a downstream side of the out- 
side air introduction valve means for closing the gas sue- io 
tion pipe for prevention of introduction of the gas into 
the reservoir tank, wherein the outside air introduction 
valve means is closed and the introduction preventing 
valve means Is opened during a norma! operation and, 
when an inner pressure of the drainage pipe exceeds a is 
predetermined level, the outside air introduction valve 
means is opened and the Introduction preventing valve 
means is closed for adjustment of the inner pressure of 
the drainage pipe. 

[001 4] According to the system for cleaning the drain- so 
age pipe In the movable equipment, the outside air in- 
troduction valve means is opened and the Intmduction 
preventing valve means is closed when the inner pres- 
sure of the drainage pipe exceeds the predetermined 
level due to bad flow of the cleaning liquid in the drain- 2s 
age pipe or clogging of the drainage pipe. Thus, the out- 
side air sucked through the outside air introduction valve 
means Is introduced Into the drainage pipe without flow- 
ing into the reservoir tank from the gas suction pipe. 
Therefore, the Inner pressure of the drainage pipe is 30 
maintained at the atmospheric pressure, so that the 
cleaning liquid and the like do notscatterout of the drain- 
age pipe. 

[001 5] In the system for cleaning the drainage pipe in 
the movable equipment In accordance with the present 35 
invention, solid separation means for separating the sol- 
id Is preferably connected parallel to the suction pipe 
between the gas separation means and the reservoir 
tank. 

[0016] Since the system for cleaning the drainage 40 
pipe in the movable equipment includes the solid sepa- 
ration means, the solid component Is separated from the 
cleaning liquid as required during the cleaning and only 
the liquid component is fed back Into the reservoir tank. 
[001 7] In the system for cleaning the drainage pipe in 45 
the movable equipment In accordance with the present 
invention, the cleaning liquid preferably contains solid 
chips. 

[0018] When the solid chips contained in the cleaning 
liquid bump against organic conrpounds and the like in 50 
the scale, the organic compounds and anaerobic bac- 
teria In the drainage pipe can be removed. 
[0019] In the system for cleaning the drainage pipe in 
the movable equipment in accordance with the present 
invention, the cleaning liquid preferably contains at least 
one oxycarboxylic acid and at least one sulfamic acid. 
[0020] The cleaning liquid containing the at least one 
oxycarisoxyllc acid and the at least one sulfamic acid is 



particularly advantageous for dissolving calcium com- 
pounds in the scale for removal thereof. 
[0021 ] A vehicle according to the present invention is 
mounted with the aforesaid system for cleaning the 
drainage pipe in the movable equipment. 
[0022] Since the system for cleaning the drainage 
pipe In the movable equipment is mounted on the vehi- 
cle, the vehicle Is moved to a site where the movable 
equipment is parked for cleaning the drainage pipe. This 
obviates the need for moving the movable equipmentto 
a predetermined site for cleaning the drainage pipe of 
the movable equipment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] 

Fig. 1 is an explanatory diagram illustrating the con- 
struction of a cleaning system according to the 
present invention; and 

Fig. 2 Is a sectional view of gas separation means. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0024] Examples of the movable equipment In which 
the drainage pipe to be cleaned Is installed include pas- 
senger planes, rail-road coaches, buses and ships. 
[0025] As shown in Fig. 1, a drainage pipe 91 is In- 
stalled in movable equipment 90. The drainage pipe 91 
includes a plurality of drainage pipes each having an up- 
stream end connected to a sink or a toilet in a lavatory., 
and a downstream end connected to a common sewage 
tank 92. 

[0026] Rg. 1 illustrates the overall construction of a 
cleaning system 10. As shown, the cleaning system 10 
is constructed so that a reservoir tank 20 containing a 
cleaning liquid L is connected to the drainage pipe 91 of 
the movable equipment 90 by a feed pipe 30 and a suc- 
tion pipe 50. 

[0027] The reservoir tank 20 may be mounted on a 
vehicle 80 such as a truck. The feed pipe 30 for feeding 
the cleaning liquid L into the drainage pipe 91 of the 
movable equipment 90 is connected to the reservoir 
tank 20 at a position lower than the surface level of the 
cleaning liquid L. A feed-back pipe 40 to be described 
later, the suction pipe 50, and a gas suction pipe 60 are 
connected to the reservoir tank 20 at positions upper 
than the surface level of the cleaning liquid L. Further 
the reservoir tank 20 is provided with a thermometer 21 
and a pressure gauge 22 for measuring the inner tem- 
perature and pressure of the reservoir tank with the in- 
tervention of valves 21 a and 22a, respecth^ely. The res- 
ervoir tank 20 is further connected to an air transformer 
23 for supplying outside air into the reservoir tank when 
a toxic gas or a combustible gas is generated by the 

cleaning. Th& reservoir tank 20 is further connected to 
a blower 24 for agitating the cleaning liquid L in the res- 
ervoir tank 20 and to a blow down pipe 25 for draining 
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the cleaning agent L from the dissolution tank via valves 
24a and 25a, respectively. 

[0028] The cleaning liquid L to be contained in the res- 
ervoir tanic 20 may properly be selected depending on 
the components and amount of the scale deposited in 
the drainage pipe 91 of the movable equipment 90 and 
the configuration of the drainage pipe 91 . In the case of 
a passenger plane, for example, the scale deposited in 
the drainage pipe is mainly composed of calcium com- 
pounds, organic compounds and anaerobic bacteria. 
For removal of the calcium compounds in the scale, a 
cleaning liquid containing at least one oxycarboxylic ac- 
id and at least one sulfamic acid is preferably employed. 
The organic compounds and the anaerobic bacteria are 
often deposited in a slime form on the calcium com- 
pounds. Therefore, solid chips are mixed In the cleaning 
liquid L for scraping away the deposited organic com- 
pounds and the like. Examples of the solid chips mixed 
in the cleaning liquid include rice husks and silicone 
granules. 

[0029] The feed pipeSO forfeeding the cleaning liquid 
L into the drainage pipe 91 is connected to a down- 
stream side of the drainage pipe 91 of the movable 
equipment 90. The feed pipe 30 may be connected to 
the sewage tank 92 of the movable equipment 90 as 
shown in the figure. 

[0030] The feed pipe 30 is branched into two branch 
feed pipes 31 , 31 downstream of a valve 30a, and the 
branch feed pipes 31 , 31 are respectively provided with 
feed pump means 32, 32 with the intervention of valves 
31a, 31 a. Flow meters 33, 33 are provided downstream 
of the feed pump means 32, 32 for monitoring the flow 
rates of the cleaning liquid Lfed into the drainage pipe 
91 from the feed pump means 32, 32. Since the feed 
pipe 30 is branched and the two feed pump means 32. 
32 are provided, the pump head capacity of each of the 
feed pump means can be reduced and the supply 
amount can be stabilized. Even if one of the pump 
means is broken, the cleaning liquid Lean befed by driv- 
ing the other pump means. 

[0031] The feed-back pipe 40 is connected to the 
branch feed pipes 31 , 31 downstream of the flow meters 
33, 33. The feed-back pipe 40 will be described later 
[0032] The branch feed pipes 32, 32 join together 
downstream of a branch point at which the feed-back 
pipe 40 is diverged therefrom. An end of the joined feed 
pipe 30 is connected to the drainage pipe 91 of the mov- 
able equipment 90 via a pressure indicator 34. 
[0033] The feed-back pipe 4.0 is a pipe forfeeding a 
part or all of the cleaning liquid L back into the reservoir 
tank 20 from the branch feed pipes 31 , 31 . The feed- 
back pipe 40 Is branched into two branches and joined 
together. A pressure gauge 41 is provided upstream of 
a branch point, and feed-back vatve means 42 is pro- 
vided in the branches. Af low meter 43 is provided down- 
stream of a junction of the branches. 
[0034] The feed-back valve means 42 includes a so- 
lution pressure adjustment feed-back valve 44 provided 



in one of the branches and an emergency feed-back 
valve 45 provided in the other branch. The solution pres- 
sure adjustment feed-back valve 44 feeds a part of the 
cleaning liquid L flowing through the branch feed pipes 
s 31 , 31 into the reservoir tank 20 according to measure- 
ments taken by the pressure gauge 41 and the flow me- 
ters 33, 33 provided in the feed pipe 30, thereby serving 
to maintain the pressure and flow rate of the cleaning 
liquid L fed into the drainage pipe 91 from the feed pipe 

10 30 at constant levels. The emergency feed-back valve 
46 is opened to prevent the cleaning liquid L from flowing 
Into the drainage pipe 91 from the feed pipe 30 when 
any of the pressure gauges provided in the cleaning sys- 
tem 10 indicates a pressure higher than a predeter- 

15 mined level. 

[0035] One end of the suction pipe 50 is connected to 
an upstream side of the drainage pipe 91 of the movable 
equipment 90, i.e., to the side of the sink and the toilet, 
and the other end of the suction pipe 50 is connected to 

20 the resen/oir tank 20. 

[0036] The cleaning liquid L discharged from the 
drainage pipe 91 , the scale and a gas component in the 
drainage pipe and the like are sucked as fluid effluent 
through the suction pipe 50. 

25 [0037] Gas separation means 61 Is provided in the 
suction pipe 50, whereby the gas component Is sepa- 
rated from the effluent and fed back into the reservoir 
tank 20 through the gas suction pipe 60, and the liquid 
and solid components are fed back Into the reservoir 

30 tank 20 through the suction pipe 50. The gas separation 
means 51 is provided with a measurement Instrument 
52 for detecting, adjusting and recording a pressure. 
[0038] For example, a device which includes a cylin- 
drical vessel 53 having a smaller-diameter lower end 

35 and a baffle plate 54 provided diagonally downward in 
a generally central portion of the vessel 53 as shown in 
Fig. 2 may be employed as the gas separation means 
51 . In this device, the effluent sucked from the drainage 
pipe 91 of the movable equipment 90 is thrown against 

40 the baffle plate 54, whereby the gas component flows 
upward and the liquid and solid components flow down- 
ward by gravity for separation of the gas component 
from the liquid and solid components. The separated 
gas component is fed back into the reservoir tank 20 

45 through the gas suction pipe 60 connected to an upper 
portion of the vessel 53. The liquid and solid compo- 
nents are fed back into the reservoir tank 20 through the 
suction pipe 50 connected to a lower end of the cylindri- 
cal vessel 53. 

50 [0039] Outside air introduction valve means 61 and 
gas introduction preventing valve means 62 are provid- 
ed In this order downstream of the gas separation 
means 51 in the gas suction pipe 60. These valve means 
61, 62 introduce the outside air into the drainage pipe 

55 91 to restore the inner pressure of the drainage pipe 91 
to the atmospheric pressure when the inner pressure of 
the drainage pipe 91 exceeds a predetennined level, 
whereby the inner pressure of the drainage pipe 91 is 
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prevented from increasing to a high level. The outside 
air introduction valve means 61 Is a valve for introducing 
the outside air Into the drainage pipe 91 through the suc- 
tion pipe 50 from the gas suction pipe 60. This valve Is 
closed during a nomial operation, and is opened v/hen 
the pressure in the drainage pipe 91 exceeds the pre- 
determined level. On the other hand, the gas introduc- 
tion preventing valve 62 closes the gas suction pipe 60 
so as to allowthe outside air introduced from the outside 
air introduction valve means 61 to flow into the drainage 
pipe 91 without flowing Into the reservoir tank 20 from 
the gas suction pipe 60 when the outside air introduction 
valve means 61 is opened, and is opened during the 
nomial operation. 

[0040] in the suction pipe 50, a valve 50a is provided 
downstream of the gas separation means 51 , and solid 
separation means 55 is provided parallel to the valve 

50a. 

[0041] The solid separation means 55 separates the 
solid component from the liquid and solid components 
separated by the gas separation means 51 , and only the 
liquid component Is fed back into the suction pipe 50. 
Valves 55a, 55a are respectively provided on upstream 
and downstream sides of the solid separation means 55. 
A filter, for example, may be employed as the solid sep- 
aration means 55. 

[0042] When the valves 55a, 55a are opened and the 
valve 50a is closed, the fluid flowing through the suction 
pipe 50 flows into the solid separation means 55 and, 
after the solid component is separated, only the liquid 
component flows into the reservoir tank 20. When the 
valves 55a, 55a are closed and the valve 50a is opened, 
the fluid flowing through the suction pipe 50 is Intro- 
duced into the reservoir tank 20 without flowing through 
the solid separation means 55. 
[0043] Vacuum pump means 26 is connected to the 
reservoir tank 20 via a vah/e 26a. The vacuum pump 
means 26 sucks gas from the reservoir tank 20 to main- 
tain the inside of the reservoirtank 20 at a negative pres- 
sure. 

[0044] A deodorization tower 27 for deodorizing the 
sucked gas is connected to a downstream side of the 
vacuum punnp means 26. A pump 28 for circulating a 
deodorant is connected to the deodorization tower 27 
via a valve 28a. The gas sucked from the vacuum pump 
means 26 passes through the deodorization tower 27 
thereby to be deodorized, and emitted to the outside. 
[0045] The pump means, the valves and the like de- 
scribed above are electrically connected to each other 
for actuation thereof or opening and closing thereof on 
the basis of measurements taken by the thermometers, 
the pressure gauges and the flow meters. 
[0046] The cleaning system 10 Is mounted on a deck 
of a vehicle such as a truck, and transported to a site 
where the movable equipment having the drainage pipe 
to be cleaned Is parked for cleaning the drainage pipe. 
[0047] An explanation will be given to how to clean 
the drainage pipe 91 of the movable equipment 90 by 



utilizing the vehicle 80 mounted with the cleaning sys- 
tem 1 0 having the aforesaid construction. 
[0048] A cleaning liquid L containing L-malic acid and 
citric acid as the oxycarboxylic acid and amidosutfonic 
s acid as the sulfamic acid and containing rice husks as 
the solid chips Is filled Into the reservoir tank 20, and the 
blower 24 Is actuated to agitate the cleaning liquid L. 
[0049] The vehicle mounted with the cleaning system 
10 is moved tothe vicinity of the movable equipment 90. 

10 After sewage accumulated in the drainage pipe 91 and 
the sewage tank 92 of the movable equipment is dis- 
charged, an end of the feed pipe 30 is connected to the 
drainage pipe 91 (or the sewage tank 92), and an end 
of the suction pipe 50 Is connected to the upstream end 

15 of the drainage pipe 91 . 

[0050] After completion of the pipe connection, the 
feed pump means 32, the vacuum pump means 26 and 
the alrtransfomrier 23 are actuated. 
[0051] By the actuation of the feed pump means 32 

20 and the vacuum pump means 26, the cleaning liquid L 
Is fed into the drainage pipe 91 from the feed pipe 30. 
[0052] At this time, the pressure adjustment feed- 
back valve 44 of the feed-back valve means 42 adjusts 
a ratio of valve opening according to measurements tak- 

25 en by the flow meters 43, 43 and the pressure gauge 41 . 
[0053] The drainage pipe 91 Is filled with the cleaning 
liquid L by suction to a negative pressure by the vacuum 
pump means 26. Thus, deposited organic compounds 
and anaerobic bacteria are gradually scraped away by 

so the solid chips in the cleaning liquid L. Further, calcium 
compounds are gradually dissolved by the oxycarboxy- 
lic acid and the sulfamic acid in the cleaning liquid L. 
[0054] The cleaning liquid L flows into the suction pipe 
50 from the drainage pipe 91 . At this time, gas in the 

35 drainage pipe 91 is discharged together with the clean- 
ing liquid L into the suction pipe 50. When the cleaning 
liquid L Is sucked together with the gas from the suction 
pipe 50, the gas Is liable to flow back in the fomn of bub- 
bles through the suction pipe 50, resulting In bad flow. 

40 Therefore, the gas component Is separate by the gas 
separation means 51, . and fed back Into the reservoir 
tank 20 through the gas suction pipe 60. The cleaning 
liquid L from which the gas is separated Is fed back Into 
the reservoir tank 20 through the suction pipe 50. 

45 [0055] In the case of the passenger plane, the clean- 
ing liquid Lflows around the cleaning system 1 0 in about 
two to three minutes. Since the organic compounds and 
the anaerobic bacteria in the scale are mostly removed 
by continuing the cleaning for about 20 minutes, the sol- 

50 id chips are thereafter unnecessary. Therefore, the 
valves 55a, 55a are opened and the vah/e 50a Is closed 
to remove the solid component from the cleaning liquid 
L by the solid separation means 55. Thus, only the liquid 
component is fed back into the reservoir tank 20. 

55 [0056] Thereafter, the cleaning is continued for about 
one hour, whereby the calcium connpounds in the drain- 
age pipe 91 are completely removed. After the scale In 
the drainage pipe 91 is completely removed, the feed 
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pump means 32 and the vacuum pump means 26 are 
stopped, and the cleaning liquid L remaining in the drain- 
age pipe 91 and the sewage tank 92 are removed. Thus, 
the cleaning operation is completed. 
[0057] When measurements taken by the pressure s 
gauges 22, 34, 41 , 52, the flow meters 33, 43 and the 
thermometer21 are out of the predetemnined levels dur- 
ing the cleaning, an abnormality occurs in the cleaning 
system 10 or the drainage pipe 91 . In such a case, the 
inner pressure of the drainage pipe 91 increases to a io 
high level, resulting in leakage of the cleaning liquid L 
from the drainage pipe 91 . Therefore, the emergency 
feed-back valve 45 of the feed-back pipe 40 is opened, 
whereby the cleaning liquid L in the feed pipe 30 is fed 
back into the reservoir tank 20 through the feed-back is 
pipe 40. Thus, the cleaning liquid L is prevented from 
flowing into the drainage pipe 91 to prevent the Inner 
pressure of the drainage pipe 91 from increasing to a 
high level. 

[0058] Further, the outside air introduction valve 
means 61 of the gas suction pipe 60 is opened and the 
gas introduction preventing valve 62 is closed to intro- 
duce the outside air into the drainage pipe 91 from the 
outside air introduction valve means 61 through the gas 
discharge pipe 60. Thus, the inner pressure of the gas 25 
discharge pipe 91 Is not increased higher than the at- 
mospheric pressure. 

INDUSTRIAL APPLICABILITY 

30 

[0059] The system for cleaning the drainage pipe in 
the movable equipment in accordance with the present 
invention is useful as a system which is capable of 
cleaning the drainage pipe In a short time for removal of 
the scale without detaching the drainage pipe from the 35 
movable equipment. 



Claims 

1. A system for cleaning a drainage pipe provided in 
movable equipment comprising: 

a reservoir tank containing a cleaning liquid; 
a feed pipe connecting the reservoir tank and 
a downstream side of the drainage pipe of the 
movable equipment and including feed pump 
means for feeding the cleaning liquid to the 
downstream side of the drainage pipe from the 
reservoir tank; 

a suction pipe connecting an upstream side of 
the drainage pipe and the reservoir tank; and 
vacuum pump means for sucking gas from the 
reservoir tank; 

wherein the suction pipe is provided with gas 
separation means for separating gas from gas, liq- 
uid and solid sucked from the drainage pipe; 



wherein a gas suction pipe for feeding the 
separated gas back into the reservoir tank is con- 
nected parallel to the suction pipe between the gas 
separation means and the reservoir tank; 

wherein the feed pump means and the vacu- 
um pump means are actuated to maintain the inside 
of the drainage pipe at a negative pressure, to feed 
the cleaning liquid into the drainage pipe from the 
reservoir tank through the feed pipe, and to cause 
the cleaning liquid to flow toward the upstream side 
of the drainage pipe, whereby scale deposited in the 
drainage pipe is removed and the removed scale is 
sucked together with the cleaning liquid through the 
suction pipe and, after only the gas is separated 
from the gas, the liquid and the solid by the gas sep- 
aration means, the liquid and the solid are fed back 
into the reservoir tank through the suction pipe, and 
the gas is fed back into the reservoir tank through 
the gas suction pipe. 

2. The system for cleaning the drainage pipe in the 
movable equipment according to claim 1 , further 
comprising: 

a feed-back pipe diverged from the feed pipe 
on a downstream side of the feed pump means 
and connected to the reservoir tank; 

wherein the feed-back pipe is provided with a 
feed-back valve device for maintaining a pressure 
of the cleaning liquid fed into the drainage pipe 
through the feed pipe at a substantially constant lev- 
el and, when the pressure of the cleaning liquid ex- 
ceeds a predetermined level, feeding a part or all of 
the cleaning liquid back into the reservoir tank. 

3. The system for cleaning the drainage pipe in the 
movable equipment according to claim 1 or 2, fur- 
ther comprising: 



40 

outside air introduction valve means provided 
in the gas suction pipe for Introducing outside 
air to a downstream side of the gas separation 
means; and 

45 gas Introduction preventing valve means pro- 

vided on a downstream skie of the outside air 
Introduction valve means for closing the gas 

suction pipe for prevention of introduction of the 
gas into the reservoir tank; 

50 

wherein the . outside air irttroduction valve 
means is closed and the introduction preventing 
valve means is opened during a normal operation 
and, when an Inner pressure of the drainage pipe 
55 exceeds a predetermined level, the outside air in- 
troduction valve means is opened and the introduc- 
tion preventing valve means is closed for adjust- 
ment of the inner pressure of the drainage pipe. 
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4. The system for cleaning the drainage pipe In the 
movable equipment according to any of claims 1 to 
3, wherein solid separation means for separating 
the solid is connected parallel to the suction pipe 
between the gas separation means and the reser- s 
voir tank. 



5. The system for cleaning the drainage pipe in the 
movable equipment according to any of claims 1 to 
4, wherein the cleaning liquid contains solid chips. io 



6. The system for cleaning the drainage pipe in the 
movable equipment according to any of claims 1 to 
5, wherein the cleaning liquid contains at least one 
oxycarboxyiic acid and at least one sulfamic acid. 



7. A vehicle mounted with the system for cleaning the 
drainage pipe in the movable equipment according 
to any of claims 1 to 6. 
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